In this paper, a new method using Pattern Recognition Techniques(PRT) to measure the particulate contaminents in hydraulic fluid is presented. From the enlarged digital images of the particulate contaminents, the number and size of the particles can be measured, the particle size distribution can be counted up, and some physical properties of the particles can be estimated. All the values of the characteristic parameters of the particulate contaminents are collected and processed in a short time (about 23 minutes) by the combined system of a close-up video camera and an IBM-PC/XT microcomputer with an image processing board installed. With such a system, initial experiments have been done by the authors and good results have been achieved.
INTRODUCTION
The particulate contaminents in hydraulic fluid are major part of the material contaminents. The wear and performance degradation of pumps and motors are caused by them, the silting, orifice obstruction and jamming of valves are also caused by them. The particulate contaminents in fl uid systems is mainly discribed by identifying their size, size distribution, geometrical shape, inherent physical and chemical properties and concentration (See Ref. [11) . In addition, an on-line contamination analysis is often needed to know the variation of the size distribution and concentration of particles from time to time in a system.
Nowadays, there are many ways to analyse the particulate contaminents in fluid: microscopic particle counting, automatic particle counting, ferrography testing etc. All the methods have their own disadvantages: requiring cleanroom facilities and a complicated sampling procedure. An automatic particle counter can be connected directly to a system to analyse the contaminents, but it disturbs them in system and can not collect all the necessary information.
PRT produces no disturbance to the fluid and can contactlessly sense the contaminents in an outlet pipe connected with the hydraulic system to measure the particle size, size distribution, geometric shape. concentration and some physical properties through digital images. It also offers other advantages: fast processing, simple operating, and high precision. The disadvantage of the method is that the tested fl uid must be at least semi-transparent, and the outlet pipe must be transparent, for example, polymethylmethacrylate pip e.
ACQUISITION OF CONTAMINATION IMAGES

Formation of contamination images
A schematic diagram of the xenon-light source is shown in Fig. 1 . The diffuse light beam is converted into a thin sheet of light by two cylindrical lenses. The thickess of the sheet of light could achieve 0.4rnm when the distances between lenses were adjusted properly in order to match the need of the experiments.
The thin sheet of light passing through the central portion of a rectangular transparent tube connected with a hydraulic system, is scattered by the particulate contaminents distributed over the flowing fluid in the tube, is then imaged onto the sensor of a instrumentation video camera (type NITI-68) with a macrophoto lens and an auto bellows.
The image captured by the close-up video system is digitized and stored in an IBM-PC/XT microcomputer. Such an image, called contamination image(See Ref. [4] ), is shown in A FD2Omm f/3.5 macrophoto lens with an auto bellows is used to magnify the image of particles. The resolution of the image-acquisition system is a very important parameter for clarifying the contamination images. The higher the resoluton is. the clearer the geometric shape of particles in a image. The resolution of the camera MTI-68 is up to 1200 TV lines, and the resolution of the 6-20x lens is 500 lines/mm. So, the resolution of the whole system is deter- 
Where do=equivalent diameter of real particle. dk=equivalent image diameter divided by optic magnification.
Obviously, N presents the infidel size increment of the particles. Two sets of experiments have been done to find N as afunction of do. firstly. quartz particles (SG2.99. index of refraction 1.65, 0.04mm, 0.1mm, 0.2mm in diameter) have been used; secondly, ACFTD (Air Cleaner Fine Test Dust) have been used. A semi-emperical formula has been found: (2) While the relationship between N and dk is a implicit function, the correcting coefficient N can then be used in a pattern recognition program. 
DETERMINATION OF OPTIMUM FRAME NUMBER OF IMAGES
Continual sampling method
Determination of optimum frame number of images
The quartz particles in same diameter have been used to get artificial contaminated fluid. By theoretical analysis a basic assumption can be made that the particle number Y counted from one image abides by normal distribution, and its arithmetic mean Y counted from X images also abides by normal distribution. That is: Table 1 . Table 1 The experiments have indicate that a reasonable optimum frame number is X0= 30 under deviation= 5% and A= 1. The fluid cleanliness level for A= 1 is in correspondence with the third level of the American NAS standard 1638. The higher the cleanliness level of the analysed fluid is, the greater the frame number is needed. Hence, X0= 50 is sometimes needed for less deviation or higher clealiness level.
PROCESSING CONTAMINATION IMAGES
Data-acquisition system and experimental results
A video camera MTI-68 and a microcomputer IBM-PC/XT with an image processing board installed, shown in Fig. 4 , form a complete data-acquisition system. The video camera scans a contamination image, 512x512 pixels, and sends the analog signals to the image processing board.
There, these signals are converted into digital form, and stored temporarily before being transfered to the disk of the computer.
A frame of contamination image can be expressed as a 512x512 numerical matrix. The gray level of a pixel is assigned a value from 0 to 255 with zero designated black. Then the matrix can be processed by a specialized program to identify the characteristic parameters of particles. The data of the particle number, the size distribution of the par-.ticles and the concentration , collected from a contamination image, is shown in Table 2 . As a comparison, the measured size distribution of ACFTD, using PRT method, has been plotted in the same graph as a curve(See Fig. 5 ). The curve matchs the straight line quite well while the size of particles is less than 50Am, but they seperated while the size of particles increases. The relative measuring errors are shown in Table 3 . Table 3 The explanation of the measuring errors for the large particles is that the number of these particles is too small to reflect the statistical rule. According to the theory discussed above, the measuring errors of the large particles can be decreased through increasing the optimum frame number X0 of images, and the computer processing time is increased too.
Estimation of physical properties of particles
It has been found that particles with different physical properties have different gray level values in the contamination images. The data taken in same conditions for copper, iron, synthetic rubber and tar particles are shown in Table  4 . The gray levels of iron and steel particles are smaller than that of copper particles, and the synthetic rubber and tar particles have the smallest gray levels. It is not easy to determine the performance of quartz particles because of their various colors. Table 4 Basic principle of the pattern recognition software It should be pointed out that determination of the optimum threshold is based on the fact that the gray levels of the background of a contamination image abides by a normal distribution, and the feature extaction of particles depends on the technique of edge tracing.
CONCLUSION
A data-acquisition system, which incorporates both a close-up video camera and a microcomputer with image processing board, and a particle pattern recognition software have been successfully applied to analysing the contaminated fluid. Initial experiments show that PRT method is a viable one for fast, in simple operation, contactlessly and on-line identifying the particulate contaminents in hydraulic fluid. thus, with further improvements, especially in the software, this method may develop into a feasible tool in on-line contamination analysis and trouble-shooting of hydraulic and lubrication system. 
